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Background 

The purpose of this lal) is t,o specify a. rnathern,ltical rnoclel for a p11ysi~:al sjistern. Tlle physical syst,ern 
explorer1 in illis lat) is a sirnple servo-mechanical apparat,us. The rnoclel ~levelope~l tnin this la11 mill t)e ~lserl 
design a variety of feerll~ack corltrol loops in s ~ ~ l ) s e ( l ~ ~ e r ~ t  1at)s (Lal~s 1B, 1C, and ID). The electrical rrlorlel 
err~ploj~e(ito (iescril~e the 1110t,or is the folln\%-i~~g: 

-\vhere the l)r%c:k voltage (or t)a<:k ernf) of t l ~ e  spinning rrlotor is 

e,,,,= IC,B 

a1111 t,lle o u t , p ~ ~ t  voltage of the t,acllorrlet,er is 

t,lle position of t,lle o u t , p ~ ~ t  shaft is 
Q,, = H / r r  

a1111 t,lle o u t , p ~ ~ t  voltage of the position serlsor is 

Note that t,lle rrlotor sllaft arlgle is 0 ,  and t,lle o ~ ~ t p ~ ~ t  The fly\%-heel, with irlertia J I ,shaft angle is Q,,. 
is rrlollr~terl directly 011 the rrlotcx shr%ft. The o ~ ~ t p u t  shaft is geared to t,lle rrlotor shaft \%-it,h a gear rat,io n. 

The potentiometer is connect,e<l to the o ~ ~ t p ~ ~ t  shaft, arlrl the voltage across t,lle potentiornet,er is H p .  
La11 1.4 -\mill cor~sist of (iet,errr~ining val~les for t,lle rrlorlel pararr~eters R,, L,,, , I'. Ill,oc,,,I,,, I,, n, Ill,, 

>LrlrI 
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Prelab Exercises 

The following q~~est ions 1:oncern the modeling of t l ~ e  rrlotor \%-hich will l)e used as part of t,l~is servo-rne<:hanisrn 
la11. 

1. Draw a l~lock (iiagrarn for t l ~ e  rnotor, with P';,, and H,,,, 	 of t,lle systern. as t,lle i n p ~ ~ t  arlrl 0 as the o~l tpl~t ,s  

Clearly lal~el t l ~ e  l~locksas well as t l ~ e  interrrle(iiate variat)les: I,,,,, T, f',,, .
follo~vir~g (Hint: IC, sl~ol~lrl  
ap11ear in the fee(1l)ack path.) 

6 0 (3
2. 	Derive t,lle follorrir~g trarlsfer fim<:tions: -, -, and -

I,,, 1;,, 1'h 

3. Cor~sirler t l ~ e  arlclit,ion of a. darnping t,errrl B, m11i~:h represents t l ~ e  darnping component of t l ~ e  vis<:o~~s 
load (~~roportional appropriately in<:l~l(ies t,o velocity). Drav  a rlerv l)lo<:k rliagrarr~ for t,lle rrlotor r r l~ ic l~  

t l ~ edarnping t,errr~, and give t l ~ e  correspon(iing expressions for @/I,,,,and (3/P'h. 


1.11-hat cllar~ge rloes darnping 1:allse in t,he 6/1,,,,t,rar~sfer filnction? tVhat is t l ~ e  significance of this 
change? 

5. 	11-hat is t,lle electrical tirrle corlstar~t for a c i r<:~~i t  L,,, arlrl a. resistor R,,,,'!with an irlrl~~ctor 

6. Ass~nningthat t,lle elect,rical t,irrle corlstar~t is rr111c11 faster (smaller) t l lar~t l ~ e  t,irrle <:onstant. rr~ecl~ar~ical 
simplify t l ~ etrarlsfer filr~ctior~ (iarnping) to tllat of a. first orcler systern. 14-11at is t l ~ e  6/1;,,(rritl~ol~t, 

tirrle corlstar~t of illis trarlsfer filnction? 


7. Draw a l~lock (liagrarr~ for t,lle rne<:hani<:al o~~t ,pu t ,  rnotor. Lat~el 1:learly 8, H,,. and Or,. (Ignore t l ~ e  t,o t l ~ e  

vis<:o~~s
darnping t,llat mas rnoclelle(i in (211est,ion 3.)  

8. 	H,,,, and H,, are electrical q~lantities (in volts) \%-hich you will l ~ e  at~le  t,o rrleasllre on t,lle oscilloscope. 
Giver1 this, please in(iicate the ur~it,s (using stanrlarcl SI units) for all of t l ~ e  following systern pararnet,ers. 
(Hint: I<,,, IC,. and ICl,,,~,,are riot ilnitless!) 

R>,,,.Lm. Im ,  K,,,. 0,>.im,ICl<h,:l,,, ICl. T . .J,,, , ,Jp ,B. 7 , .  0. 0". I<*:, 
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